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I. Introduction
Purchasing Power Parity (PPP) is one of the most researched topics in International Finance. Majority of previous studies mostly focus on testing whether PPP holds in the long run. The recent developments in panel unit root and panel cointegration techniques accentuate further research on the mean reversion hypothesis of PPP (e.g. Taylor, 1988; Lothian and Taylor, 1996, 2000; Taylor, 2006; Narayan et al., 2007; Narayan, 2008) . However, this article aims to explain the behaviour of PPP exchange rate because of the movement of relative population growth. Stationarity of PPP in the long run implies cointegrating relationship between domestic and foreign price levels, which are functions of demand for and supply of money in any country. This article argues that relative population growth affects price levels through its effect on money demand and that in turn impacts PPP. There are a few studies which examine the relationship between population dynamics and real exchange rate. Aloy and Gente (2005) and Andersson and Ö sterholm (2005) investigated that population structure affects real exchange rate through its impact on saving as postulated in the life-cycle hypothesis. Aloy and Gente used the overlapping generation model while Andersson and Ö sterholm estimated the reduced form single equation in order to test their hypotheses empirically. However, this article intends to examine different hypothesis with regard to PPP exchange rate and relative population growth in a panel of 30 selected countries of the world. This article proceeds as follows. Theoretical framework is developed in Section II followed by the econometric methodology in Section III. Section IV provides estimation and analysis of empirical findings. Concluding remarks and policy implications are given in the final section.
II. Theoretical Framework
The literature on PPP is heavily influenced by the so-called Harrod-Balassa-Samuelson (HBS) hypothesis. Although this hypothesis has been ruling the research works on PPP and real exchange rate since long, empirical results in favour of the HBS hypothesis *Corresponding author. E-mail: ruhul.salim@cbs.curtin.edu.au are not convincing. Apart from a few exceptions, such as Lothian's (1990) work on Japanese exchange rate, the empirical evidence does not provide unique support for the HBS hypothesis (Sarno and Taylor, 2002) . Earlier studies, such as Officer (1982) , found little support for the HBS effect (Taylor and Taylor, 2004) . Later studies also found only weak evidence in favour of the HBS effect. For example, Lothian and Taylor (2008) , using data for nearly two centuries on sterling-dollar and franc-sterling real exchange rates, found that the HBS effect is present in case of only sterling-dollar, but not for franc-sterling real exchange rate. Given this mixed performances of the HBS hypothesis, this article aims to look into the issue of PPP exchange rate from a different perspective. This article argues that the behaviour of PPP exchange rate can sufficiently be explained by the movement of relative population growth.
The hypothesized relationship between PPP exchange rate and relative population growth is based on Monetary Approach to Exchange Rate (MAER). Monetary approach of exchange rate is a long-run theory as it does not allow for the price rigidities that seem to be important in explaining short-run macroeconomic fluctuations. Population growth rate and its impact on money demand is also a long-term process that justifies the possible link between population growth and PPP exchange rate. According to PPP, exchange rate between two countries' currencies is equal to the ratio of price levels of those countries. Let us consider two countries: Australia and the United States. Hence, PPP exchange rate of Australian dollar in terms of US dollars (E AUS/$ ) would be equal to the ratio of price level of Australia (P AUS ) to that of the United States (P USA ), i.e. E AUS/$ = P AUS /P USA . According to MAER the price levels can be expressed in terms of supply of and demand for domestic monies. In Australia this is expressed as P AUS ¼ M S AUS =LðY AUS ; r AUS Þ and in the United States it is P USA ¼ M S USA =LðY USA ; r USA Þ. Therefore, the exchange rate can be expressed as follows:
From Equation 1 it is apparent that the effects of demand for and supply of money in these two countries will have the following effect on Australia's exchange rate: (i) an increase in Australian money supply, other things equal, will cause Australia's exchange rate to depreciate; (ii) an increase in the US money supply, other things equal, will cause exchange rate to appreciate; (iii) an increase in the US money demand will depreciate the exchange rate; and (iv) an increase in Australian money demand will appreciate the exchange rate. Thus, the factors that affect demand for and supply of money and thereby price levels of respective countries are expected to have considerable impact on PPP exchange rate in the long run. This article argues population growth as one of the factors that affect money demand. The most obvious channel through which population growth affects demand for money is transaction motive of holding money. Increase in the number of economic agents in the economy because of high population growth leads to increase in the transaction demand for money. In terms of Equation 1, if population growth of Australia relative to the United States is high so will be the demand for money in Australia. This will lead to the appreciation of PPP exchange rate of Australian dollar, i.e. number of Australian dollar per US dollar will decrease. Therefore, it can be argued that the relative population growth between two countries affects PPP exchange rate between their currencies considerably through its impact on money demand.
According to Baumol (1952) and Tobin (1956) , there is a positive relationship between the transaction costs associated with obtaining money and the optimal amount of money held by individuals. Fair and Dominguez (1991) hypothesized that if the opportunity cost of bank visits is higher for prime age people, which seem likely, then people in their prime working years will demand more money relative to their transactions because the opportunity cost of their time is higher. Fair and Dominguez found statistically significant result in favour of this hypothesis on US data. Recently, Sterken (2004) found a significant positive association between population growth and money demand in Ethiopian economy. Higher population growth results in higher share of working age people which will give rise to higher demand for money and appreciation of PPP exchange rate. Thus, a negative relationship is hypothesized between PPP exchange rate and Relative Population Growth Rate (RPOPGR). This hypothesized negative relationship is also evident in the observed correlation coefficient between RPOPGR and PPP exchange rate (Appendix Table 1 ).
III. Methodology and Data

Unit root
There are several panel unit root tests in the standard time series econometrics. The three most widely popular methods are those proposed by Maddala and Wu 
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R. Salim and K. Hassan (1999) [hereafter MW], Levin et al. (2002) 
Panel cointegration
In the literature, residual-based approach and system approach have been suggested for testing cointegration in panel data set. Two widely used residual-based panel cointegration tests are those suggested by Kao (1999) and Pedroni (1999 Pedroni ( , 2004 and the system approach was suggested by Larsson et al. (2001) . However, Monte Carlo comparison by Gutierrez (2003) showed that in homogeneous panels Kao's (1999) test has higher (lower) power than Pedroni's (1999) test when a small-T (high-T) is included in the panel. Gutierrez also showed that both these tests outperform Larsson et al.'s (2001) test. Based on this finding this study follows residual-based cointegration tests suggested by Pedroni.
Data source
A panel of 30 countries is used in this study (Appendix Table 2 ). While selecting the countries attention has been given so that countries from all stages of economic development are included in the sample. This is done to ensure that the phenomenon under study is not biased to any specific group of countries. Annual data series have been obtained from the Penn World Table ( When variables are integrated to order 1, the next issue of interest in empirical research is to search for long-run relationship between them. Therefore, the cointegration analysis proposed by Pedroni (1999 Pedroni ( , 2004 is used next and the results are shown in Table 2 .
Cointegration results are encouraging and show that the variables are cointegrated under both Relative population growth and purchasing power parity 105 homogeneous and heterogeneous alternatives. All 11 test statistics are highly significant indicating a longrun equilibrium relationship between PPP exchange rate and relative population growth. This result suggests that there is a common stochastic trend between PPP exchange rate and relative population growth that makes it likely that these two variables move together in the selected countries.
V. Conclusion and Policy Implications
This article argues that RPOPGR has important role in explaining movement in national price levels through its impact on money demand and thus it affects the PPP exchange rate. This article relies on panel data and recent advances in panel unit root and panel cointegration in testing the long-run equilibrium relationship between RPOPGRs and PPP exchange rates for 30 countries and provides strong results supporting the hypothesis. This result has various major implications in International Economics in general and policy decisions in particular. Among others, the RPOPGRs have important role in explaining real exchange rate behaviour (Aloy and Gente, 2005) . Moreover, it could also affect the international competitiveness of a country's goods and services. Hence, the role of relative population growth should be taken into account in dealing with issues in International Economics.
